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Edited by B. Young & Y. Cai
</,$1HWDO


RQHIODQJH (2) ORDGLQJ FRQGLWLRQV IRU FROGIRUPHG VWHHO FKDQQHO VHFWLRQV ZLWK FLUFXODU
KROHVLQWKHZHE
7KHUHKDVEHHQOLWWOHUHVHDUFKRQWKHZHEFULSSOLQJRIFROGIRUPHGVWHHOVHFWLRQVZLWKZHE
KROHV/D%RXEHHWDO>@KDYHSUHYLRXVO\FRQVLGHUHGWKHFDVHRIDFLUFXODUKROHKDYLQJDKRUL
]RQWDO FOHDUGLVWDQFH WR WKHQHDU HGJHRI WKHEHDULQJSODWHVEXWRQO\ IRU WKHFDVHZKHUH WKH
IODQJHVDUHIDVWHQHGWRWKHEHDULQJSODWHV7KHVWUHQJWKUHGXFWLRQIDFWRUHTXDWLRQSURSRVHGE\
/D%RXEHHWDO>@ZDVVXEVHTXHQWO\DGRSWHGE\WKH1RUWK$PHULFDQ6SHFLILFDWLRQ1$6>@
IRUFROGIRUPHGVWHHOVHFWLRQV7KLVVWUHQJWKUHGXFWLRQIDFWRUHTXDWLRQKRZHYHUZDVOLPLWHG
WR WKLFNQHVVHV UDQJHG IURPPPWRPP2WKHUZRUNGHVFULEHG LQ WKH OLWHUDWXUH LQ
FOXGHWKDWRI<XDQG'DYLV>@ZKRVWXGLHGWKHFDVHRIERWKFLUFXODUDQGVTXDUHZHERSHQLQJV
ORFDWHG DQG FHQWUHG EHQHDWK WKH EHDULQJ SODWHV XQGHU LQWHULRURQHIODQJH ORDGLQJ FRQGLWLRQ
DQG6LYDNXPDUDQDQG=LHORQND>@ZKRFRQVLGHUHGWKHFDVHRIUHFWDQJXODUZHERSHQLQJVOR
FDWHGDQGFHQWUHGEHQHDWKWKHEHDULQJSODWHVXQGHUWKHLQWHULRURQHIODQJHORDGLQJFRQGLWLRQ
DQG=KRXDQG<RXQJ>@ZKRSURSRVHGVWUHQJWKUHGXFWLRQIDFWRUHTXDWLRQVIRUDOXPLQLXPDO
OR\VTXDUHVHFWLRQVZLWKFLUFXODUZHERSHQLQJVORFDWHGDQGFHQWUHGEHQHDWKWKHEHDULQJSODWHV
XQGHU HQG DQG LQWHULRUWZR IODQJH ORDGLQJFRQGLWLRQV5HFHQW UHVHDUFKRQZHEFULSSOLQJRI
FROGIRUPHGVWHHOFKDQQHOVHFWLRQVRWKHU WKDQ WKDWE\8]]DPDQHWDOZKRDJDLQFRQVLGHUHG
RQO\WKHWZRIODQJHORDGLQJFRQGLWLRQVKDVQRWFRYHUHGWKHFDVHRIKROHV>@
,QEXLOGLQJVZHERSHQLQJVFDQHLWKHUEHORFDWHGZLWKDQRIIVHWGLVWDQFHWRWKHEHDULQJSODWH
FHQWUHGEHQHDWKWKHORDGRUUHDFWLRQV7\SHKROHVRUFHQWUHGEHQHDWKWKHORDGRUUHDFWLRQV
7\SHKROHV)XUWKHUPRUHWKHIODQJHVFDQEHHLWKHUIDVWHQHGRUXQIDVWHQHGWRWKHVXSSRUW,Q
WKHOLWHUDWXUHRQZHEFULSSOLQJZLWKZHERSHQLQJVQRUHVHDUFKKDVEHHQFRQGXFWHGRQFROG
IRUPHGVWHHOVHFWLRQXQGHUHLWKHU,7)RU(7)ORDGLQJFRQGLWLRQV
,QWKLVSDSHUDFRPELQDWLRQRIH[SHULPHQWVDQGQRQOLQHDUILQLWHHOHPHQWDQDO\VHV)($
DUHXVHGWRLQYHVWLJDWHWKHHIIHFWRIZHEKROHVRQWKHZHEFULSSOLQJVWUHQJWKRIOLSSHGFKDQQHO
VHFWLRQVIRUWKH(2)ORDGLQJFRQGLWLRQWKHFDVHVRIERWKIODQJHIDVWHQHGDQGXQIDVWHQHGWRWKH
VXSSRUWDUHFRQVLGHUHG7KHJHQHUDOSXUSRVHILQLWHHOHPHQWSURJUDP$%$486>@ZDVXVHG
IRUWKHQXPHULFDOLQYHVWLJDWLRQDQGDJRRGDJUHHPHQWEHWZHHQWKHH[SHULPHQWDOWHVWVDQG)($
ZDVREWDLQHG
 (;3(5,0(17,19(67,*$7,21
 7HVWVSHFLPHQV
$ WHVW SURJUDPPHZDV FRQGXFWHGRQ OLSSHGFKDQQHO VHFWLRQVDV VKRZQ LQ ILJXUHZLWK
FLUFXODUZHEKROHVVXEMHFWHGWRZHEFULSSOLQJ7KHVL]HRIWKHZHEKROHVZDVYDULHGLQRUGHUWR
LQYHVWLJDWHWKHHIIHFWRIWKHZHEKROHVRQWKHZHEFULSSOLQJEHKDYLRXU&LUFXODUKROHVZLWKD
QRPLQDOGLDPHWHU D UDQJLQJ IURPPPWRPPZHUHFRQVLGHUHG LQ WKHH[SHULPHQWDO
LQYHVWLJDWLRQ7KHUDWLRRIWKHGLDPHWHURIWKHKROHVWRWKHGHSWKRIWKHIODWSRUWLRQRIWKHZHEV
DKZDVDQG$OO WHVWVSHFLPHQVZHUHIDEULFDWHGZLWKZHEKROHVORFDWHGDW WKH
PLGGHSWKRI WKHZHEVDQGFHQWUHGDERYHWKHEHDULQJSODWHVDQGZLWKDKRUL]RQWDOFOHDUGLV
WDQFHWRWKHQHDUHGJHRIWKHEHDULQJSODWHV[&KDQQHOVHFWLRQVZLWKRXWKROHVZHUHDOVRWHVW
HG7KHWHVWVSHFLPHQVFRQVLVWHGRIWKUHHGLIIHUHQWVHFWLRQVL]HVKDYLQJQRPLQDOWKLFNQHVVHV
UDQJLQJIURPPPWRPPWKHQRPLQDOGHSWKRIWKHZHEVDQGWKHIODQJHZLGWKVUDQJLQJ
IURPPPWRPP7KHPHDVXUHGZHEVOHQGHUQHVVKWYDOXHVRIWKHFKDQQHOVHFWLRQV
UDQJHGIURPWR7KHVSHFLPHQOHQJWKV/ZHUHGHWHUPLQHGDFFRUGLQJWRWKH1$6
>@*HQHUDOO\WKHGLVWDQFHEHWZHHQEHDULQJSODWHVZDVVHWWREHWLPHVWKHRYHUDOOGHSWKRI
WKHZHEGUDWKHUWKDQWLPHVWKHGHSWKRIWKHIODWSRUWLRQRIWKHZHEKWKHODWWHUEHLQJ
WKH PLQLPXP VSHFLILHG LQ WKH VSHFLILFDWLRQ 7KH EHDULQJ SODWHV ZHUH IDEULFDWHG XVLQJ KLJK
</,$1HWDO



VWUHQJWKVWHHOKDYLQJDQRPLQDO\LHOGVWUHQJWKRI03DDQGDWKLFNQHVVRIPP7KUHH
OHQJWKVRIEHDULQJSODWHV1ZHUHXVHGPPPPDQGPP



)LJXUH/LSSHGFKDQQHOVHFWLRQZLWKKROH
 0DWHULDOSURSHUWLHV
7HQVLOHFRXSRQ WHVWVZHUHFDUULHGRXW WRGHWHUPLQH WKHPDWHULDOSURSHUWLHVRI WKHFKDQQHO
VSHFLPHQV7KHWHQVLOHFRXSRQVZHUHWDNHQIURPWKHFHQWUHRIWKHZHESODWHLQWKHORQJLWXGL
QDOGLUHFWLRQRIWKHXQWHVWHGVSHFLPHQV7KHWHQVLOHFRXSRQVZHUHSUHSDUHGDQGWHVWHGDFFRUG
LQJWRWKH%ULWLVK6WDQGDUGIRU7HVWLQJDQG0DWHULDOV>@IRUWKHWHQVLOHWHVWLQJRIPHWDOVXV
LQJPPZLGHFRXSRQVRIDJDXJH OHQJWKPP7KHFRXSRQVZHUH WHVWHG LQDQ076
GLVSODFHPHQW FRQWUROOHG WHVWLQJPDFKLQH XVLQJ IULFWLRQ JULSV 7ZR VWUDLQ JDXJHV DQG D FDOL
EUDWHGH[WHQVRPHWHURIPPJDXJHOHQJWKZHUHXVHGWRPHDVXUHWKHORQJLWXGLQDOVWUDLQ7KH
PDWHULDOSURSHUWLHVREWDLQHGIURPWKHWHQVLOHFRXSRQWHVWVDUHVXPPDULVHGLQ/LDQHWDO>
@
 
D&HQWUHGZHEKROHV7\SHE2IIVHWZHEKROH7\SH
)LJXUH6FKHPDWLFYLHZRIWHVWDUUDQJHPHQWIRU,2)ORDGLQJFRQGLWLRQ)URQWYLHZ

D&HQWUHGZHEKROH7\SHE2IIVHWZHEKROH7\SH
)LJXUH6FKHPDWLFYLHZRIWHVWDUUDQJHPHQWIRU(2)ORDGLQJFRQGLWLRQ)URQWYLHZ
</,$1HWDO


D8QIDVWHQHGIODQJHVE)DVWHQHGIODQJHV
)LJXUH6FKHPDWLFYLHZRIWHVWDUUDQJHPHQW(QGYLHZ
 7HVWULJDQGSURFHGXUH
7KHVSHFLPHQVZHUHWHVWHGXQGHU WKHLQWHULRURQHIODQJH,2)DQGHQGRQHIODQJH(2)
ORDGLQJFRQGLWLRQVSHFLILHGLQWKH1$66SHFLILFDWLRQ>@DVVKRZQLQ)LJXUHDQG)LJXUH
UHVSHFWLYHO\ )RU WKH ,2) ORDGLQJ FRQGLWLRQV WKH VSHFLPHQV ZHUH EROWHG WR ORDG WUDQVIHU
EORFNVDWHDFKHQGRIWKHVSHFLPHQV$EHDULQJSODWHZDVSRVLWLRQHGDWWKHPLGOHQJWKRIWKH
VSHFLPHQV )RU WKH (2) ORDGLQJ FRQGLWLRQV WZR FKDQQHO VSHFLPHQV ZHUH XVHG WR SURYLGH
V\PPHWULFORDGLQJ7KHVSHFLPHQVZHUHEROWHGWRDORDGWUDQVIHUEORFNDWWKHFHQWUDOORDGLQJ
SRLQW 7ZR LGHQWLFDO EHDULQJ SODWHV RI WKH VDPHZLGWKZHUH SRVLWLRQHG DW ERWK HQGV RI WKH
VSHFLPHQ+LQJHVXSSRUWVZHUHVLPXODWHGE\WZRKDOIURXQGVLQWKHOLQHRIDFWLRQRIWKHIRUFH
$VHUYRFRQWUROOHG7LQLXV2OVHQWHVWLQJPDFKLQHZDVXVHGWRDSSO\DFRQFHQWUDWHGFRPSUHV
VLYHIRUFHWRWKHWHVWVSHFLPHQV'LVSODFHPHQWFRQWUROZDVXVHGWRGULYHWKHK\GUDXOLFDFWXDWRU
DWDFRQVWDQWVSHHGRIPPPLQIRUDOOWKHWHVWVSHFLPHQV7KHORDGZDVDSSOLHGWKURXJK
WKH ORDG WUDQVIHUSODWHEROWHG WR WKH FKDQQHOVHFWLRQV$OO WKHEHDULQJSODWHVZHUH IDEULFDWHG
XVLQJKLJKVWUHQJWKVWHHOKDYLQJDQRPLQDO\LHOGVWUHVVRI03DDQGWKLFNQHVVRIPP
,Q WKH H[SHULPHQWDO LQYHVWLJDWLRQ WKUHH GLIIHUHQW OHQJWKV RI EHDULQJ SODWHV 1 ZHUH XVHG
QDPHO\  PP  PP DQG  PP 7KH H[SHULPHQWDO LQYHVWLJDWLRQ DOVR FRQVLGHUHG
IODQJHV RI WKH FKDQQHO VHFWLRQ VSHFLPHQV IDVWHQHG RU XQIDVWHQHG WR WKH EHDULQJ SODWHV DV
VKRZQ LQ )LJXUH D DQG )LJXUH E )RU WKH FDVH RI WKH IODQJHV IDVWHQHG WHVW VHWXS WKH
IODQJHVZHUHEROWHGWRWKHEHDULQJSODWHV
 7HVWUHVXOWV
$WRWDORIVSHFLPHQVZHUH WHVWHGXQGHU WKH,2)ORDGLQJFRQGLWLRQDQGVSHFLPHQV
ZHUHWHVWHGXQGHU(2)ORDGLQJFRQGLWLRQFRQVLGHULQJIODQJHVXQIDVWHQHGDQGIDVWHQHGFRQGL
WLRQV7KHH[SHULPHQWDOXOWLPDWHZHEFULSSOLQJORDGVDQGIDLOXUHPRGHVRIWKHVSHFLPHQVXQ
GHU,2)DQG(2)ORDGLQJFRQGLWLRQDUHJLYHQLQ/LDQHWDO>@7\SLFDOH[DPSOHVRIWKH
ORDGGHIHFWLRQ FXUYH REWDLQHG IURP D VSHFLPHQ ERWK ZLWKRXW DQG ZLWK ZHE KROHV DQG WKH
FRPSDULVRQVZLWKWKHQXPHULFDOUHVXOWVDUHVKRZQLQ)LJXUHDQG)LJXUH




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 180(5,&$/,19(67,*$7,21
 *HQHUDO
7KHQRQOLQHDUJHQHUDOSXUSRVHILQLWHHOHPHQWSURJUDP$%$486>@ZDVXVHGWRVLPX
ODWHWKHZHEFULSSOLQJEHKDYLRXURIWKHFKDQQHOVHFWLRQV7KHEHDULQJSODWHVWKHORDGWUDQVIHU
EORFNWKHFKDQQHOVHFWLRQVDQGWKHFRQWDFWEHWZHHQWKHEHDULQJSODWHVDQGWKHFKDQQHOVHFWLRQ
DQGORDGWUDQVIHUEORFNZHUHPRGHOOHG7KHPHDVXUHGFURVVVHFWLRQGLPHQVLRQVDQGWKHPDWH
ULDOSURSHUWLHVIURPWKHWHVWVZHUHXVHG7KHFKDQQHOVHFWLRQVRIWKHPRGHOZHUHEDVHGRQWKH
FHQWUHOLQHGLPHQVLRQVRIWKHFURVVVHFWLRQ6SHFLILFPRGHOOLQJLVVXHVDUHGHVFULEHGLQWKHIRO
ORZLQJVXEVHFWLRQ
 *HRPHWU\DQGPDWHULDOSURSHUWLHV
2QHKDOIRI WKH WHVW VHWXSZDVPRGHOOHGXVLQJV\PPHWU\DERXW WKHKRUL]RQWDOSODQHV IRU
,2)ORDGLQJFRQGLWLRQLVVKRZQLQILJXUH2QHTXDUWHURIWKHWHVWVHWXSZDVPRGHOOHGXVLQJ
V\PPHWU\DERXWERWKWKHYHUWLFDOWUDQVYHUVHDQGKRUL]RQWDOSODQHVIRU(2)ORDGLQJFRQGLWLRQ
LV VKRZQ LQ ILJXUH &RQWDFW VXUIDFHV DUH GHILQHG EHWZHHQ WKH EHDULQJ SODWH DQG WKH FROG
IRUPHG VWHHO VHFWLRQ7KH YDOXH RI<RXQJ¶VPRGXOXVZDVN1PPDQG3RLVVRQ¶V UDWLR
ZDV $%$486 UHTXLUHG WKHPDWHULDO VWUHVVVWUDLQ FXUYH LQSXW DV WUXH VWUHVVWUXH SODVWLF
VWUDLQ7KHVWUHVVVWUDLQFXUYHVZHUHGLUHFWO\REWDLQHGIURPWKHWHQVLOHWHVWVDQGFRQYHUWHGLQWR
WUXHVWUHVVWUXHSODVWLFVWUDLQFXUYHVDVVSHFLILHGLQWKH$%$486PDQXDO>@
 (OHPHQWW\SHDQGPHVKVHQVLWLYLW\
)LJXUHDQG)LJXUHVKRZGHWDLOVRIDW\SLFDOILQLWHHOHPHQWPHVKRIWKHFKDQQHOVHF
WLRQWKHEHDULQJSODWHDQGORDGWUDQVIHUEORFN$PHVKVHQVLWLYLW\DQDO\VLVZDVXVHGWRLQYHVWL
JDWH WKH HIIHFW RIGLIIHUHQW HOHPHQW VL]HV LQ WKH FURVVVHFWLRQRI WKHFKDQQHO VHFWLRQV)LQLWH
HOHPHQWPHVKVL]HVZHUHPPîPPIRUWKHFROGIRUPHGVWHHOFKDQQHOVHFWLRQVDQGPP
îPPIRUWKHEHDULQJSODWHVDQGORDGWUDQVIHUEORFN)URPWKHPHVKVHQVLWLYLW\DQDO\VLVGXH
WRWKHFRQWDFWEHWZHHQWKHORDGWUDQVIHUEORFNDQGLQVLGHURXQGFRUQHUVWKDWIRUPWKHEHQGEH
WZHHQWKHIODQJHDQGZHELWZDVIRXQGWKDWDWOHDVWILIWHHQHOHPHQWVZHUHUHTXLUHGIRUWKHFRU
QHUVEHWZHHQWKHIODQJHDQGZHE2QWKHRWKHUKDQGIRUWKHFRUQHUVEHWZHHQWKHIODQJHDQGOLS
RIWKHVHFWLRQRQO\WKUHHHOHPHQWVZHUHUHTXLUHG&ROGIRUPHGVWHHOFKDQQHOVHFWLRQVZLWKDQG
ZLWKRXWZHEKROHVZHUHPRGHOOHGXVLQJ65VKHOOHOHPHQW7KHEHDULQJSODWHVDQGORDGWUDQV
IHUEORFNZHUHPRGHOOHGXVLQJDQDO\WLFDOULJLGSODWHVDQG&'5HOHPHQW
  D2QHKDOI)($0RGHO7\SHKROHVE2QHKDOI)($0RGHO7\SHKROHV
)LJXUH,QWHULRURQHIODQJH,2)ORDGLQJFRQGLWLRQ

 \
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  
D2QHTXDUWHU)($0RGHO7\SHKROHVE2QHTXDUWHU)($0RGHO7\SHKROHV
)LJXUH(QGRQHIODQJH(2)ORDGLQJFRQGLWLRQ
 /RDGLQJDQGERXQGDU\FRQGLWLRQV
7KHYHUWLFDOORDGDSSOLHGWRWKHFKDQQHOVHFWLRQVWKURXJKWKHORDGWUDQVIHUEORFNLQWKHOD
ERUDWRU\ WHVWVZDVPRGHOOHG XVLQJ GLVSODFHPHQW FRQWURO ,Q WKH ILQLWH HOHPHQWPRGHO DGLV
SODFHPHQW LQWKHYHUWLFDO\GLUHFWLRQZDVDSSOLHGWRWKHQRGHVORFDWHGRQWKHWRSRIWKHORDG
WUDQVIHU EORFN7KH FKDQQHO VHFWLRQ VSHFLPHQVZHUH WHVWHG LQ SDLUVZKLFKZHUH EROWHG WR D
ORDGWUDQVIHUEORFNDWWKHFHQWUDOORDGLQJSRLQWWKURXJKWKHZHEE\DYHUWLFDOURZRI0KLJK
WHQVLOHEROWV,QWKHVKHOOHOHPHQWLGHDOLVDWLRQFDUWHVLDQFRQQHFWRUVZHUHXVHGWRVLPXODWHWKH
EROWVLQVWHDGRISK\VLFDOO\PRGHOOLQJEROWVDQGKROHV³&211'´FRQQHFWRUHOHPHQWVZHUH
XVHGWRPRGHOWKHLQSODQHWUDQVODWLRQDOVWLIIQHVVLH\DQG]GLUHFWLRQV7KHVWLIIQHVVRIWKH
FRQQHFWRUVHOHPHQWZDVN1PPZKLFK/LPHWDO>@VXJJHVWLRQZRXOGEHVXLWDEOH,Q
WKH[GLUHFWLRQWKHQRGHVZHUHSUHYHQWHGIURPWUDQVODWLQJ&RQWDFWEHWZHHQWKHEHDULQJSODWH
DQG WKH FROGIRUPHG VWHHO VHFWLRQZDVPRGHOOHG LQ$%$486XVLQJ WKHFRQWDFWSDLURSWLRQ
7KHWZRFRQWDFWVXUIDFHVZHUHQRWDOORZHGWRSHQHWUDWHHDFKRWKHU1RIULFWLRQZDVPRGHOOHG
EHWZHHQWKHVXUIDFHV,QWKHIODQJHVIDVWHQHGFDVHLQDGGLWLRQWRWKHFRQWDFWPRGHOOHGEHWZHHQ
WKHEHDULQJSODWHDQGWKHFROGIRUPHGVWHHOVHFWLRQVDFRQQHFWRUEHWZHHQWKHIODQJHVDQGWKH
EHDULQJSODWHZDVPRGHOOHGDWWKHSRVLWLRQRIWKHEROW
 9HULILFDWLRQRIILQLWHHOHPHQWPRGHO
,QRUGHUWRYDOLGDWHWKHILQLWHHOHPHQWPRGHOWKHH[SHULPHQWDOIDLOXUHORDGVZHUHFRPSDUHG
DJDLQVW WKH IDLOXUH ORDG SUHGLFWHG E\ WKH ILQLWH HOHPHQW DQDO\VLV7KHPDLQ REMHFWLYH RI WKLV
FRPSDULVRQZDVWRYHULI\DQGFKHFNWKHDFFXUDF\RIWKHILQLWHHOHPHQWPRGHO$FRPSDULVRQ
RI WKH WHVW UHVXOWVZLWK WKH QXPHULFDO UHVXOWV RIZHE FULSSOLQJ VWUHQJWKV SHUZHE LV GHWDLOHG
VKRZQLQ/LDQHWDO>@,WFDQEHVHHQWKDWJRRGDJUHHPHQWKDVEHHQDFKLHYHGEHWZHHQ
ERWKUHVXOWVIRUDOOVSHFLPHQV7KHZHEFULSSOLQJIDLOXUHPRGHREVHUYHGIURPWKHWHVWVKDVDO
VREHHQYHULILHGE\WKHILQLWHHOHPHQWPRGHOIRUWKH,2)DQG(2)ORDGLQJFRQGLWLRQVFRQVLGHU
LQJ ERWK W\SH RI ZHE KROHVZLWK IODQJHV XQIDVWHQHG DQG IDVWHQHG FRQGLWLRQV 7\SLFDO ORDG
GHIOHFWLRQFXUYHVFRPSDULQJWKHH[SHULPHQWDOUHVXOWVDQGWKHILQLWHHOHPHQWUHVXOWVDUHVKRZQ
LQILJXUHDQGILJXUHFRYHULQJWKHFDVHVRIERWKZLWKDQGZLWKRXWWKHZHEKROHV,WLVVKRZQ
WKDWJRRGDJUHHPHQWLVDFKLHYHGEHWZHHQWKHH[SHULPHQWDODQGILQLWHHOHPHQWUHVXOWVIRUERWK
WKHZHEFULSSOLQJVWUHQJWKDQGWKHIDLOXUHPRGH

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D8QIDVWHQHGIODQJHV


E)DVWHQHG)ODQJHV
)LJXUH&RPSDULVRQZHEGHIRUPDWLRQFXUYHVIRUDVSHFLPHQVXEMHFWHGWR,2)ORDGLQJFRQGLWLRQ

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


D8QIDVWHQHGIODQJHV

E)DVWHQHGIODQJHV
)LJXUH&RPSDULVRQZHEGHIRUPDWLRQFXUYHVIRUDVSHFLPHQVXEMHFWHGWR(2)ORDGLQJFRQGLWLRQ
 &21&/86,216
7KHPDLQFRQFOXVLRQVDUH
$QH[SHULPHQWDODQGQXPHULFDOLQYHVWLJDWLRQRIOLSSHGFKDQQHOVHFWLRQVZLWKDQGZLWK
RXWFLUFXODUZHEKROHVVXEMHFWHGWRZHEFULSSOLQJKDYHEHHQSUHVHQWHG
$VHULHVRIWHVWVZDVFRQGXFWHGRQOLSSHGFKDQQHOVHFWLRQVZLWKZHEKROHVVXEMHFWHGWR
WKHLQWHULRURQHIODQJH,2)DQGHQGRQHIODQJH(2)ORDGLQJFRQGLWLRQV7KHGLDPH
WHURIWKHZHEKROHVZDVYDULHGLQRUGHUWRLQYHVWLJDWHWKHLQIOXHQFHRIWKHZHEKROHVRQ
</,$1HWDO



WKHZHEFULSSOLQJVWUHQJWK7KHFDVHVRI WKH IODQJHVRI WKHFKDQQHOVHFWLRQVEHLQJIDV
WHQHGDQGXQIDVWHQHGWRWKHEHDULQJSODWHVDOVRFRQVLGHUHG
$ILQLWHHOHPHQWPRGHO WKDW LQFRUSRUDWHG WKHJHRPHWULFDQG WKHPDWHULDOQRQOLQHDULWLHV
KDV EHHQ GHYHORSHG DQG YHULILHG DJDLQVW WKH H[SHULPHQWDO UHVXOWV 7KH ILQLWH HOHPHQW
PRGHOZDVVKRZQWREHDEOHWRFORVHO\SUHGLFWWKHZHEFULSSOLQJEHKDYLRXURIWKHFKDQ
QHOVHFWLRQVERWKZLWKDQGZLWKRXWFLUFXODUZHEKROH
7KHQHZZHEFULSSOLQJWHVWGDWDSUHVHQWHGLQWKLVSDSHUFDQEHXVHGWRGHYHORSGHVLJQ
UXOHVIRUFROGIRUPHGVWHHOVHFWLRQV
$&.12:/('*0(176
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHVXSSRUWJLYHQE\0HWVHF3OF8.IRUSURYLGLQJ
WKHPDWHULDOVDQGWR0U%XUQVDQG3URIHVVRU-LP5KRGHVIRUDUUDQJLQJWKHPDWHULDOVSURYLGHG

127$7,21
$ :HEKROHVUDWLRDK
D 'LDPHWHURIFLUFXODUZHEKROHV
EI 2YHUDOOIODQJHZLGWKRIVHFWLRQ
EO 2YHUDOOOLSZLGWKRIVHFWLRQ
G 2YHUDOOZHEGHSWKRIVHFWLRQ
)($ )LQLWHHOHPHQWDQDO\VLV
K 'HSWKRIWKHIODWSRUWLRQRIZHE
/ /HQJWKRIWKHVSHFLPHQ
1 /HQJWKRIWKHEHDULQJSODWH
UL ,QVLGHFRUQHUUDGLXVRIVHFWLRQ
W 7KLFNQHVVRIVHFWLRQ
5()(5(1&(6
>@ 8]]DPDQ$/LP-%3'1DVK5KRGHV-DQG<RXQJ%³:HEFULSSOLQJEHKDYLRXURIFROG
IRUPHGVWHHOFKDQQHOVHFWLRQVZLWKRIIVHWZHEKROHVVXEMHFWHG WR LQWHULRUWZRIODQJHORDGLQJ´
7KLQ:DOOHG6WUXFWXUHV
>@ 8]]DPDQ$/LP-%3'1DVK5KRGHV-DQG<RXQJ%³(IIHFWRIRIIVHWZHEKROHVRQZHE
FULSSOLQJ VWUHQJWK RI FROGIRUPHG VWHHO FKDQQHO VHFWLRQV XQGHU HQGWZRIODQJH ORDGLQJ FRQGL
WLRQ´7KLQ:DOOHG6WUXFWXUHV
>@ 8]]DPDQ$/LP-%3'1DVK5KRGHV-DQG<RXQJ%³&ROGIRUPHGVWHHOVHFWLRQVZLWK
ZHERSHQLQJVVXEMHFWHGWRZHEFULSSOLQJXQGHUWZRIODQJHORDGLQJFRQGLWLRQV3DUW,7HVWVDQG
ILQLWHHOHPHQWDQDO\VLV´7KLQ:DOOHG6WUXFWXUHV
>@ 8]]DPDQ$/LP-%3'1DVK5KRGHV-DQG<RXQJ%³&ROGIRUPHGVWHHOVHFWLRQVZLWK
ZHE RSHQLQJV VXEMHFWHG WR ZHE FULSSOLQJ XQGHU WZRIODQJH ORDGLQJ FRQGLWLRQV3DUW ,,
3DUDPHWULFVWXG\DQGSURSRVHGGHVLJQHTXDWLRQV´7KLQ:DOOHG6WUXFWXUHV
>@ /D%RXEH5$<X::'HVKPXNK68DQG8SKRII&$³&ULSSOLQJFDSDFLW\RIZHEHOH
PHQWVZLWKRSHQLQJV´-RXUQDORI6WUXFWXUDO(QJLQHHULQJ
>@ 1RUWK $PHULFDQ VSHFLILFDWLRQ IRU WKH GHVLJQ RI FROGIRUPHG VWHHO VWUXFWXUDO PHPEHUV $,6,
6$,6,6WDQGDUG$PHULFDQ,URQDQG6WHHO,QVWLWXWH
>@ <X::DQG'DYLV&6³&ROGIRUPHGVWHHOPHPEHUVZLWKSHUIRUDWHGHOHPHQWV´-RXUQDORI
WKH6WUXFWXUDO'LYLVLRQ
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>@ 6LYDNXPDUDQ.6 DQG=LHORQND.0³:HEFULSSOLQJVWUHQJWKRI WKLQZDOOHGVWHHOPHPEHUV
ZLWKZHERSHQLQJ´7KLQ:DOOHG6WUXFWXUHV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>@ =KRX)DQG<RXQJ%³:HEFULSSOLQJRIDOXPLQLXPWXEHVZLWKSHUIRUDWHGZHEV´(QJLQHHULQJ
6WUXFWXUHV
>@ $%$4868VHU¶V0DQXDO9HUVLRQ$%$486,QF86$
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>@ /LDQ<8]]DPDQ$/LP-%3$EGHODO*1DVK'DQG<RXQJ%³(IIHFWRIZHEKROHVRQ
ZHE FULSSOLQJ VWUHQJWK RI FROGIRUPHG VWHHO FKDQQHO VHFWLRQV XQGHU HQGRQHIODQJH ORDGLQJ
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>@ /LDQ<8]]DPDQ$/LP-%3$EGHODO*1DVK'DQG<RXQJ%³(IIHFWRIZHEKROHVRQ
ZHE FULSSOLQJ VWUHQJWK RI FROGIRUPHG VWHHO FKDQQHO VHFWLRQV XQGHU HQGRQHIODQJH ORDGLQJ
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